Purpose: Attitudes concerning epilepsy improved over the last few decades, but children with epilepsy still suffer from stigmatisation. Data about unaffected children's knowledge of and attitudes about epilepsy is scarce. Methods: We developed a questionnaire regarding epilepsy for high school students attending 8th-10th grade. The survey was performed from October 2015 to March 2016 in 5 different federal states of Germany. Results: 1092 students [mean age (Q25/75): 14.5 (14/15) years] participated. 542/1092 (50%) of the respondents knew that people could die from a seizure. 216/1092 (20%) thought emotional strain could cause epilepsy. Asked for measures they would perform in case of a seizure, 235/1092 (24%) participants would hold the person to the ground, and 182/1092 (19%) would put a solid object into the person's mouth. 28/1092 (3%) would not like to be friends with a person with epilepsy, and 237/1092 (22%) would not like to go on a date with a person with epilepsy. Answers of 342/1092 (31%) students of a school located nearby a specialised epilepsy centre differed in some questions. The latter students were more familiar with epilepsy and showed better knowledge concerning causes, symptoms and treatment of epilepsy. In a question about special characteristics of people with epilepsy, 63/342 (18%) [other schools: 52/750 (11%)] answered people with epilepsy were friendlier and 76/342 (22%) [other schools: 49/750 (11%)] answered they were more sociable compared to people without epilepsy. Conclusion: To improve knowledge and attitudes and reduce misconceptions further education seems necessary.
Introduction
Over the last few decades, many studies investigating affected and unaffected persons have dealt with knowledge of and attitudes toward epilepsy. Many of them examined the view of adults [1] [2] [3] [4] [5] [6] [7] [8] [9] , whereas only a few studies focused on the view of children and adolescents [10] [11] [12] [13] [14] . A recent German study showed that most school children suffering from epilepsy were able to describe their seizures well. Most children had rather good knowledge about medication but gaps in knowledge about safety precautions were frequent. One in ten children believed epilepsy is contagious and one in four children felt disadvantaged compared to other children [13] . An Italian study revealed immense gaps of knowledge about epilepsy in unaffected students [12] . Only about half of American students remembered having heard about epilepsy [10] . Knowledge of and attitudes toward epilepsy of unaffected Czech students were significantly improved by an educational video or an educational drama [11] . Public knowledge of and attitudes toward epilepsy have improved over the years [7, 8, 15] , but fear and misunderstanding still impact the quality of life for people with epilepsy [16] [17] [18] .
Children and adolescents with epilepsy still consider social stigmatisation as one of the worst parts of suffering from epilepsy [14] . Adolescents' experiences and handling of epilepsy are influenced by the attitude of their social environment [19] . Thus, it is important to examine the group of unaffected adolescents more closely to find ways to reduce stigma and improve treatment.
Methods

Setting
We performed a questionnaire survey to examine the attitudes and knowledge of high school students (8th-10th grade) concerning epilepsy. In order to get a representative view of German high school students, we aimed at including three to four schools in each of the following regions: southwest (BadenWuerttemberg), northwest (Lower Saxony, North Rhine-Westphalia), and east (Saxony, Saxony-Anhalt). We aimed at including different school types of secondary education in Germany and invited about the same number of grammar schools (n = 34) and other schools (middle school, secondary school, comprehensive school; n = 31). In this manuscript, all school types are summarised as "high schools".
Of the 65 invited schools, 11 different high schools in the following federal states of Germany agreed to participate: three in Baden-Wuerttemberg, two in Lower Saxony, two in North RhineWestphalia, three in Saxony, and one in Saxony-Anhalt. Six participating schools were grammar schools, five other school types. One of the schools was located next to a specialised epilepsy centre (SEC school).
Questionnaire
An expert panel consisting of neuropaediatricians and clinical pharmacists developed a questionnaire asking for familiarity with epilepsy, knowledge on epilepsy, attributed attitudes and demographic items (for details see English version of the questionnaire in the supplement). The questions had pre-set answers to tick. Additionally, free-text answers were possible in most of the questions. The questionnaire was pretested for comprehensibility with 6 students in the targeted age group. The short introduction of the survey said that the survey was conducted in the context of epilepsy research. Students were informed about the anonymous evaluation of the data and that participation was voluntary. The questionnaire was filled in in class and completion took about 20 min, no talking was allowed between the students.
Study design
The study was approved by the Ethics committee of Leipzig University. Besides, according to the different federal laws, the school authorities or headmasters of the schools gave their approval to conducting the study. The parents had to give informed consent to their children taking part in the questionnaire. The headmasters of the schools had the responsibility to ensure that only students whose parents had given their informed consent participated in the study. 
Statistics
Results
Characteristics of respondents
During the study period, 1092 questionnaires were completed. The characteristics of the respondents are summarised in Table 1 .
Familiarity with epilepsy
Respondents had heard of epilepsy before in 1062/1092 (94.0%) cases, and 336/1092 (30.8%) knew a person suffering from epilepsy. Asked where they had got to know epilepsy, students from a school located nearby a specialised epilepsy centre (SEC school) chose different predefined answers concerning the contexts in which they got to know epilepsy (Fig. 1) . In an open question for other contexts in which the students gained knowledge about epilepsy, the most frequent answer of the respondents of the SEC school was the place they live at [97/143 (67.8%)]. The most frequent answer of the students of the other schools was individual experiences [41/ 148 (27.7%)].
The number of students who had witnessed a seizure was higher in the SEC school than in the other schools [SEC school: 188/ 342 (55.0%) vs. other schools: 97/750 (12.9%), OR: 8.22, p < 0.001].
General knowledge of epilepsy
In a pre-set answer, the approximate prevalence of epilepsy (1%) was estimated correctly by 387/1092 (35.4%) of the respondents. It was underestimated by 360/1092 (33.0%) of the respondents, and 124/1092 (11.4%) overestimated it.
The distribution of pre-set answers regarding causes of epilepsy and symptoms of seizures is shown in Table 2 . The open-ended question relating to other causes of epilepsy led to 103 answers: They could be subdivided in 60 answers with possible causes for seizures, e.g. accidents 30/60 (50%) and nervous system disorder 6/ Table 3 Measures that were considered possible to help in case of an epileptic seizure by participating students (multiple answers were possible); comparison SEC school/other schools: * = p < 0.05, *** = p < 0.001, n. X-rays were considered as appropriate treatment by 33/1092 (3.0%) of all students. Respondents' answers concerning possible first aid measures in case of a seizure are shown in Table 3 .
Assessment of risks in the context of an epilepsy
Restrictions in the choice of profession for people with epilepsy were assumed by 758/1092 (69.4%). The following jobs were mentioned as not suitable (multiple answers were possible, open question): 'physically demanding' jobs: 210/1092 (19.2%), jobs in 'public transportation' 153/1092 (14.0%) and 'dangerous' jobs 135/ 1092 (12.4%).
The possibility of dying due to a seizure was known by 541/1092 (49.5%) of respondents. Assumed most common causes for death were given by 421/1092 (38.6%) of the students, e.g. accidents 223/ 1092 (20.4%), cardiac and circulatory problems 146/1092 (13.4%), and drowning 14/1092 (1.3%).
Attitudes toward people suffering from epilepsy
In the SEC school, 226/342 (66.1%) of students stated they would like to know if a classmate was suffering from epilepsy, in the other schools 580/750 (77.3%) did so (OR: 0.57, p < 0.001). Supposing they had epilepsy, 710/1092 participants (65.0%) would tell their classmates about their disease.
Of the SEC school students, 234/342 (68.4%) thought it is possible to recognise people with epilepsy by their appearance, of the other students 100/750 (13.3%) stated this opinion (OR: 14.1, p < 0.001). In an open question as to how people with epilepsy can be recognised, students from the SEC school mentioned helmets most often [224/342 (65.5%)], whereas the other students mentioned seizures most often [45/100 (6%)]. Of the other students, 28/750 (3.7%) referred to helmets (OR: 48.7, p < 0.001).
Characteristics that the respondents attributed to people suffering from epilepsy are shown in Table 4 .
Of all respondents, 848/1092 (77.7%) stated they would welcome someone suffering from epilepsy into their circle of friends, whereas 28/1092 (2.6%) would not do so.
425/1092 (39.9%) stated they would go on a date with a person suffering from epilepsy, whereas 237/1092 (22.3%) would not. The remainder answered "maybe".
The wish to learn more about epilepsy was expressed by 247/ 342 (72.2%) of the students of the SEC school, and 620/750 (82.7%) of the students of the other schools (OR: 0.55, p < 0.001).
Discussion
We performed a questionnaire survey with high high school students in Germany. We found quite good knowledge and positive attitudes regarding several aspects of epilepsy. However, regarding other aspects of epilepsy, there are still misconceptions and gaps of knowledge, and there still exists some prejudice against people with epilepsy. For several aspects of knowledge and attitudes, we found differences for students visiting a school located next to a specialised epilepsy centre (SEC) compared with other schools.
Familiarity with epilepsy
The rates for having heard about epilepsy (94%) and knowing somebody suffering from epilepsy (31%) in our study are slightly higher than in comparable studies performed in the USA [10] and Italy [12] . The rate of students who had witnessed a seizure was comparable to the Italian data [12] for the non-SEC students with 13%, whereas SEC students had witnessed a seizure significantly more often (55%). A great amount of SEC students got to know epilepsy through class or residence, whereas students of the other schools got to know epilepsy through mass media such as television and internet. This is in line with the finding of Austin that average students are receiving little formal education on epilepsy in the school setting [10] .
General knowledge of epilepsy
In our study, one third of students estimated the prevalence correctly. The number of right estimations is high compared with other studies [10, 12] . As another third of our respondents underestimated the prevalence, however, further education seems necessary to improve awareness of the disease.
The perception of causes of epilepsy differed between respondents of the SEC school and the other schools. Many SEC students thought that epilepsy could derive from an injury at birth, whereas many of the other student assumed it was hereditary. Possibly, those differences are caused by different kinds of patients the students have in mind.
One in five students thought epilepsy could be caused by "emotional strain". The misconception that epilepsy is a mental disorder might lead to unnecessary behavioural uncertainties or fear of contact. Certainly, mental problems can occur in epilepsy patients and they can influence the disease, but epilepsy itself is not a mental illness. Public awareness of this fact is important to improve social participation of people with epilepsy.
Unlike children suffering from epilepsy, of which 10% considered epilepsy as contagious in a German study [13] , only few unaffected students in our study think so (1.4%). Concerning this point, children suffering from epilepsy themselves seem to need further education, in order for them not to have to worry that they might be avoided because of fear of infection.
Concerning symptoms of a seizure, we found that the more impressive the symptoms of our selection were, the better they were recognised as typical for an epileptic seizure by the non-SEC students. Table 4 Attributes of people suffering from epilepsy compared with people without epilepsy as assumed by participating students (multiple answers were possible); comparison SEC school/other schools: * = p < 0.05, ** = p < 0.01, *** = p < 0.001, n.s. = not significant; OR: odds ratio [(SEC schools confirmed/SEC schools not confirmed)/(other schools confirmed/other schools not confirmed)]; SEC school: school nearby a specialised epilepsy centre. 
Treatment and first aid
Misconceptions and knowledge gaps in treatment and first aid became apparent.
In the non-SEC schools, only approximately half of the respondents knew what to do in case of a seizure, whereas a higher percentage of the SEC students had correct ideas what to do. Both groups, however, showed misconceptions about first aid measures. A significant number of students thought that harmful measures like holding the person to the ground or putting a solid object in the person's mouth should be taken. Future educational work should clarify first aid measures for non-professionals in order to improve safety of epilepsy patients [20] .
Assessment of risk
Only about half of the respondents knew that it is possible to die from a seizure. Other studies showed that the possible fatal outcome of a seizure is not known to a considerable amount of participants [5, 10] . Even many people who knew someone with epilepsy were not aware of the deadly hazards [21] . Further education should raise awareness of deadly hazards of epilepsy, but at the same time not overemphasise them. Otherwise, the patient might be excluded from social life.
Attitudes toward people suffering from epilepsy
Only a small amount of students from the SEC school and an even smaller amount of the other schools thought that there were no differences in characteristics between people who suffer from epilepsy and those who do not. The fact that four in five students from the SEC school thought they could recognise people with epilepsy by their helmets is another hint that they get in contact with more severe types of epilepsy. The fact that most SEC students mentioned a person suffering from epilepsy can be recognised might lead to the misconception that this statement shows prejudice. The fact that students describe details like helmets, however, shows that students are well able to observe details.
The amount of students who would like to know if a classmate had epilepsy is similar to the findings from the USA [10] , but more of our respondents would reveal to their classmates that they had epilepsy. Maybe the fear that suffering from epilepsy could lead to less popularity is getting smaller over the years, but this aspect should be further investigated.
In our study a minority of less than 3% would not like to be friends with a person with epilepsy, but one in five students would not go on a date with one. The latter is similar to a survey of adults in Germany [8] : 19% would not like their child to marry a person with epilepsy.
In the examination of the SEC students, it seems that they encounter more severe types of epilepsy than the other students. One could assume that a more severe clinical picture leads to greater reservation and stigmatisation, but in fact their attitudes do not differ in most of the questions and sometimes they are even more favourable. This is maybe due to the fact that they encounter the subject of epilepsy in a controlled environment like class in school. The great potential that lies in this approach should be further investigated.
Limitations
Our study has some limitations. Schools with a general interest in the topic might be overrepresented. Students of schools motivated to participate in the study might be better informed on the topic. The fact that students have different ideas on what the terms "epilepsy" and "seizure" mean can influence their answers.
Besides, real-life behaviour can differ from knowledge and attitudes stated in a survey. Although the survey was performed anonymously, students might tend to give socially expected answers. We can only speculate on reasons for differences between students from the school located next to the specialized epilepsy centre and the other schools. We do not know if students' own observations or a higher amount of education in the classroom has had more impact on the observed differences.
Conclusion
We were able to show that high school students in Germany have some knowledge regarding epilepsy and also display positive attitudes. However, misconceptions and gaps in knowledge can be found and prejudice against people with epilepsy still exists. Students visiting a school next to a specialised epilepsy centre have more knowledge and less prejudice regarding some aspects. This might be due to students' own observations and to more information about epilepsy at school. Education about epilepsy should be improved for all students in order to enhance knowledge and to reduce prejudice.
